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INTRODUCTION
While the precise relationship between ubiquitous and mobile computing is a subject of continuing debate, in the absence of genuinely pervasive computing resources in most work environments, mobile information communication technology (MICT) devices, especially when supported by wireless networks, offer a means of expanding the range of settings in which computation is accessible. This does, of course, provide only partial ubiquity (a contradiction in terms!), and the mobility of the device per ^e is not enough to ensure that computing resources are actually available, as this is likely to be dependent on the correct functioning of a variety of technical and social infrastructures, such as networks, power supplies, and work arrangements, that make device use practicable. Nevertheless, bringing computers to the work practice, rather than the work to computers, constitutes a new opportunity for supporting work that is carried out "on the move," or conducted in a number of spatially dispersed settings.
At least until recently, such settings have received little attention in the literature on ICT implementation, which has tended to focus on situations where desktop computing has been used to support static work practices (Zuboff 1987) . The growing mobile computing literature , however, typically suggests that MICTs may be better suited to supporting such work practices than static/desktop devices, and hence, that the adoption of MICTs in such settings may be expected to lead to increased efficiency and effectiveness of these work practices.
One specific type of work that is seen as particularly mobile, and therefore likely to benefit from MICT support, is that of hospital doctors (Bardram et al. 2003) , especially during their ward rounds. Studies of ward rounds (Atkinson 2001; Freeman and Reeder 1957; Martins and Jones forthcoming; Strauss et al. 1997 ) have identified them as serving a range of functions, such as gathering patient-related information, clinical decision-making, formulation of treatment plans and education. It is suggested (Cox 2002; Davis 2002; Kelly 2001 ) that MICTs may improve ward rounds by making available up-to-date patient data at the point of care, leading to more appropriate treatment • allowing faster updating of treatment plans, leading to better treatment allowing access to reference information, leading to improved clinical decisionmaking and increased opportunities for learning Indeed, there have been a number of largely self-reported accounts of the positive effect of such technology on clinical practice (Grasso and Genest 2001; Holleran et al. 2003) . It might, therefore, be expected that if MICTs were made available to doctors, they would use them in their ward rounds. Drawing on an in-depth study of the level and form of usage of MICTs by doctors working in the Medical Service of a large U.S. hospital that has provided wireless access to a comprehensive electronic medical record (EMR) and other resources for more than 5 years, this paper explores possible reasons why such expectations may not be realized. While the findings reported relate to the work practices of hospital doctors, a number of more generic features of support for mobile work practices are identified that may be relevant in other settings.
WARD ROUNDS: A BRIEF INTRODUCTION
Ward rounds, also known as clinical visits or simply rounds, are events when hospital doctors, as a team, typically comprising a senior doctor (Attending Physician), one or two junior doctors (Residents or Interns), and one or two medical students, visit the bedside of each inpatient under their care in turn. Such rounds are necessary because most inpatients are generally bed-bound.
Ward rounds can vary significantly (for example, in terms of their frequency, duration, and the personnel involved) depending on the particular clinical speciality, the clinical setting (wards or intensive care units), and also between countries. The following generic description, based on fieldwork from hospitals in the United States, United Kingdom, Singapore, and Portugal, summarizes some of the key features of ward rounds and helps to place later discussion in context.
The pre-round period, before the senior doctor arrives, can be quite hectic for junior doctors as they try to retrieve and aggregate as much information about patients as possible from the hospital computer systems (typically accessed via desktop computers) and/or paper files held in the doctor's office. To facilitate later recall, the junior doctors may take notes on pieces of paper that they carry in their pockets. The ward round typically starts with the arrival of the senior doctor and proceeds without preliminary discussion of patients. Rather, at each patient bed, a junior doctor (or sometimes a medical student) will be expected to present a summary of the condition and treatment of the patient (drawing, where appropriate, on the notes they may have taken earlier or paper records held at the bedside). Questions and discussion follow the presentation. At some point, the patient is also usually questioned about their condition and physical examinations may be conducted. This information is used by the team for a discussion, of variable duration, about the treatment plan for that patient. During this discussion, frirther questions may be posed to the patient and frirther data sought from existing records. Requests for information searches or for tasks to be executed after the ward round may be made at this time. Discussion is often not restricted to the specifics of the particular case, but will include broader medical discussion and teaching, and there can often be an exam-like interrogation of the junior doctors' and medical students' knowledge by the senior clinicians. The ward round normally ends with a plan of action (of varying specificity), which may include ordering of clinical investigations, further analysis of the case, changes to drug regime, or a decision to discharge the patient, all to be executed at a later stage. It is also customary that before the team moves on to the next patient, the senior doctor reminds the junior doctors of topics to study before the next ward round, and either only cordially says goodbye to the patient or does it after a very brief friendly chat.
A variant of the typical ward round, with potential implications for desktop and mobile ICT usage, is the "sitting ward round." In this case, the team often gathers not by the bedside but sitting in a room away from the patients. Each patient is discussed in turn, in more or less the same way, and a plan is often formulated. The team then leaves the room and visits all patients at their beds, in turn. At this stage, however, having already discussed the case, this visit generally serves as a chance for the team to see the patient and exchange some brief words, although sometimes there is some reopening of discussion of the case.
As this shows, ward rounds serve several functions including decision making about short term and long-term patient care, immediate plan formulation for diagnosis and treatment, education (both teaching and evaluative), patient contact and comforting, as well as team-building. In some departments, these tend to be crucial daily, biweekly, or weekly events as they are often the only occasion where the whole medical team caring for a group of patients is actually copresent.
Although, individually, doctors are increasingly reported to be using MICT devices such as handheld/PDAs (Barret et al. 2004; McLeod et al. 2003) , predominantly as a source of medical or drug reference information, these are generally not connected to the hospital IT systems. Historically, ward rounds have also not been directly supported by ICTs (even if a complete EMR was available), as the EMR was typically only available via desktop computers. Sitting ward rounds, however, may be supported with desktop technology in some departments.
METHODOLOGY
The research reported in this paper forms part of a larger study covering ten sites in eight different hospitals in four countries (Portugal, United Kingdom, United States, and Singapore) carried out between December 2003 and December 2004, where observation, interviews, questionnaires, and data from log files was used to study doctors' and organizations' use of MICTs and technologies to support remote working.
Case Selection
The particular findings discussed in this paper derive from a study carried out in August 2004 at the Medical Service of the Veterans Affairs Medical Center, Washington, DC. This case was chosen because conditions there appear to be particularly favorable for MICT use: the hospital has a full EMR that, in the Medical Service, has been available for 7 or 8 years via desktop computers and for more than 5 years through wireless laptop PCs. With five similar medical teams using similar devices this case also enables differences in individual and group uptake of MICT to be explored.
Methods
Research was conducted using three data-gathering methods.
Questionnaires about attitudes to, and usage of, desktop and mobile ICT were distributed and collected at regular department meetings, with 33 questionnaires (from a total of 36 collected). Participant observation was conducted on the department wards. Clinicians were accompanied during the course of the day, predominantly before and during their ward rounds, and this was often complemented with informal inten/iews. A program of semi-structured interviews was carried out with doctors working at the department. Interviews were held in a calm environment and taped with the participants' permission. Transcripts were coded to ensure confidentiality and anonymity.
In all, 16 interviews were carried out, seven with Attendings (senior doctors) who had worked in the department during the last year, eight with junior doctors (Residents and Interns) working on the wards at the time of the study, and one with a medical student. In total, 13 hours of formal interviews and 75 hours of participant observation were conducted.
A grounded theory approach (Glaser and Strauss 1967 ) was used to identify emergent themes from the interviews and observation data as well as from open-ended answers in the questionnaire.
CASE DESCRIPTION

The Department and its Wireless Laptops
The VA Medical Center is a multispeciality tertiary care facility. At any given time there may be around 60 doctors working in the Medical Service, distributed between a 12-bed intensive care unit, wards (with 87 beds), or outpatient clinics. The MICT devices made available for ward rounds were (at the time of study) standard laptop PCs with WiFi wireless connection. These were attached to a food trolley (as illustrated in Figure 1 ) and could not be removed. The AC adapter was also attached with a conventional power cable that could be extended to only a nearby wall socket. No mouse or extra battery were attached.
This apparatus was only movable as a whole, but the height of the tray could be adjusted and there was some free space on the tray to the sides of the Laptop. Although the particular model of laptop used had changed over time, this set-up had been constant. While recognizing that the food trolleys were not ideal, the Head of Department, explained that they had been used because funding for laptops did not include a budget for carts to hold them.
The laptops provide full access to Windows software, two hospital systems (a full EMR which includes the availability of all imaging studies and a drug administration system mostly used by the nurses), and the Internet. The hospital has its own intranet resources (links to departments guidelines and protocols, library holdings, and online resources), and broadband access to the Internet through a network filter for some sites considered less appropriate. The department policy toward computer usage (desktop and laptop) was liberal.
Figure 1. Sketch of the Resident from Team Beta Using the Wireless Laptop
We 've never told them not to [use Internet Explorer] Of the 33 staff studied, 24 were Attendings and 9 were Residents or Interns, with almost equal numbers of men and women. Less than half of the doctors owned a handheld/PDA. All doctors used a desktop every day for clinical work, 60 percent of them more than 10 times a day. Attending clinicians reported a higher frequency of use than Residents. The Internet was used for clinical work related with the department by all respondents at least once a week.
Wireless Laptop Usage in the Department
While two-thirds of the doctors had been using the wireless laptops for more than a year, almost a quarter (equally distributed between Attendings and Residents/Interns) claimed that they never used them and the remainder (mostly Residents/Interns) reported shorter periods of use.
About one-fifth of the doctors were high frequency users, using the laptops more than five times a day for clinical work, 35 percent were medium frequency users, while another fifth used them less than once a week (one-quarter were nonusers). All doctors used the laptops to check patient data, but only two for medical calculations and one to send clinical-related e-mails. No doctor reported using the laptops for checking hospital guidelines. The users thus comprised three groups: multi-task users, who browsed the Internet for medical information, checked medical and drug reference information, as well as consulting the EMR; standard users, who used the laptops only to access the EMR; and nonusers.
Age, gender, seniority, and usage of technologies other than MICTs showed no significant difference between the user group and the nonuser group. The multi-task user group reflected the seniority and gender make-up of the department, but included predominantly high-and medium-fi*equency users, most of whom owned a handheld/ PDA (compared to almost none of the other groups).
One distinctive aspect of the Medical Service was the high turnover of staff. Residents, Interns, and medical students joined the department on a 4-week rotation from nearby universities and hospitals (each with different EMR systems and ward layouts), while the Attendings typically covered the wards for 4 weeks per year. All the rotations occurred asynchronously, meaning that knowledge of EMR use had to be continuously replaced. Using the laptops during ward rounds was, thus, one of the few occasions when all team members were together as a group, and provided an important opportunity for Attendings to teach others about the operation and capabilities of the hospital's systems.
Another distinctive aspect of the Service was that most of its patients were located in wards on two consecutive floors of the hospital building. Each ward had a central area (with several desktop computers) from which six corridors of patient rooms lead off. Each floor had two or three doctors' rooms (with five desktop PCs). The floors were connected by service stairs, but the elevator was located away from the center of the wards. Normally teams had patients on both floors and doctors identified this layout as affecting their usage of laptops. 
Views of Nonusers
One team of doctors in particular (Team Alpha) never used the laptop PCs during the observation period; instead the Resident wrote out file-cards with relevant data for each patient and updated this with new data and action plans during the ward round. The Interns also kept their own, paper-based notes. The Resident, who was a charismatic individual, seemed to be more influential than the Attending in this team. He often spoke on behalf of the team and seemed to have been responsible for the team's non-usage of the laptops. The Resident felt very confident that ward rounds without the laptop were as good as those with it in almost every situation, although he identified one exception where the team was responsible for a large number of patients, including a significant number of patients from other teams.
Well I guess on rounds it's the
During the observation period there were two Attendings covering the team, although laptops were not used with either. The second Attending had been working with the team for less than a week and, although she had previously used wireless laptops for ward rounds in her last job, perceived their use as valuable, she did not insist on their use in Team Alpha. This may have been because she was unfamiliar with the devices in the particular hospital.
/ haven't actually seen them [but] 
Views of Users
The most active users at the time of the study were Team Beta, who had two laptops in their room, one of which served as a backup in case the first laptop failed. Even this team, however, did not always use laptops, as a medical student explained, Another of the team members explained the team's usage of the laptops as being due to a combination of junior and senior clinician styles.
If you have a team that...really likes to get things tucked away early in the day and doesn 't like to wait for things that you could have at your fingertips like lab results and sort of come back as you round on the patients, then I think that the laptops would be utilized more. And that was our case. ...It was driven by the Resident and the Attending, sort of the tone and the pace, and it's my impression that other teams didn 't have the same sort of drive (Intern, Team Beta).
Team Beta's enthusiasm for laptop use did not appear to be dimmed by the unreliability of the technology (a problem specifically highlighted in almost half the comments on the questionnaires). While the team showed frustration when their ward rounds were frequently disrupted by the laptop crashing or losing power, they generally tried to solve the problem while continuing their discussion. For example, the Attending would continue asking questions about the patient while rebooting the laptop or searching for a wall plug. Occasionally they would even have to conduct rounds without a laptop because both were not working. Again, however, the Attending responded to this by chasing the IT department for prompt maintenance.
Figure 2. Sketch of Two Members of Team Beta Carrying the Laptop and Trolley Upstairs / mean usually we go a couple of days and then something goes wrong. But that's been a constant. And everyday I'm going to a computer person going, they 're not working again (Attending, Team Beta).
Team Beta were based predominantly on the upper floor, but would visit patients on the lower floor daily. Except for occasions when there were only a few patients to be visited, two of the male Interns or medical students would take hold of the trolley with the laptop and carry it downstairs. The elevator was never used, despite the problems with carrying the device (on its trolley) upstairs (see Figure 2) . Because the hospital's systems also allowed remote access, both sometimes worked from home.
The main reason cited by members of Team Beta for use of the devices was that they increased team efficiency by allowing ready access to patient information and the input of at least some of the most urgent orders while rounding.
Because all of the orders are on the computer, it just makes things run smoother if during rounds you come up and say, I need this order done, rather than waiting 'til the end of rounds to do it, you know you can do it right there....The round's a lot more complete I think, also, much more efficient (Medical Student, Team Beta).
These benefits, however, were seen to depend on the team's capacity to work collaboratively. For example, orders would be entered, or the Resident would retrieve information with the laptop, while a patient was being presented by the Interns or medical students. Most team members were also in agreement about the advantages of being able to check the most up-to-date laboratory information.
When we come in and see the patients early in the morning, often times results are not there but by the time we round, almost certainly they are and that makes everything a lot easier because we can adjust issues (Intern, Team Beta).
Another common theme was the usefulness of the laptops as a support for additional information requests or to look at patterns of data from the patient's whole medical record.
The seven other Attendings working in the department mostly used the laptops for ward rounds because they liked to have easy access to data and immediate action like order entry. One Attending, in particular, saw this as giving him greater control. 
I want up-to-date information, I want to see the information myselfrather than
CASE ANALYSIS: ACCOUNTING FOR THE ADOPTION OF MICT IN WARD ROUNDS
Contrary to claims in some of the literature (McLeod et al. 2003) , age, gender, seniority, and usage of desktop technology do not seem to be related to laptop usage. Similarly, previous experience of MICT use for ward rounds did not always lead to greater uptake. Moreover, despite all teams being of a similar size, having access to a full EMR (both on desktops and on the laptop PCs, with the same application view) and ample desktop computing, about a quarter of the doctors claimed never to have used the laptops and three out of five teams were not using them at the time of study. It would seem, therefore, that some traditional explanations for the uptake of MICTs in ward rounds did not apply, at least in this setting.
In terms of reasons for non-usage of the laptops, unreliability of the technology was widely identified, although it is unclear whether this reflected significant technical problems (that might be overcome by future technological advances) or difficulties in establishing routines that would make the existing technology more reliable in practice (such as ensuring that batteries were always recharged). It was noticeable, however, that teams who used the laptops regularly seemed to deal with problems in a constructive way, rather than dismissing the technology as unworkable.
The other major reason for non-usage was not necessarily that teams perceived no benefit from using the laptops, but that influential members preferred other ward round practices (such as sitting ward rounds or walking ward rounds supported by paper notes).
Interestingly, the architecture of the building appeared to influence laptop usage, as all teams based on the upper floor were users, while those on the lower floor were, at best, irregular users. This may be due to other factors and interview data showed it was not always the rule, but it seemed that the particular way the laptops were set up made carrying them upstairs especially cumbersome. The department practice of teams being assigned specific machines meant they kept them in their (often locked) offices; this, in turn, often prevented teams visiting a different floor from using the laptops available there.
The study was not able to find any measurable data on the effects of using wireless laptops on ward rounds, nor did users have access to such evidence. Rather, individuals held particular beliefs about the benefits (or otherwise) of laptop use. Thus both users and nonusers agreed that laptops could provide better data access and the possibility of immediate and supervised order entry. Three types of data that could be accessed were identified: standard data that an Intern/medical student might forget to present, or present incorrectly; timely data, for instance, the latest lab results; and data that would not normally be expected to be required (or necessarily available), such as a full medical history or recent research findings relevant to a particular case. Access to the latter two types, at the bedside, was seen to be a distinctive contribution of MICT use.
Users and nonusers differed, however, in whether they believed that such data were beneficial for medical education, patient care, or the efficiency of their work. This may relate to different views on the use of data in ward rounds. Thus nonusers tended to believe that the laptops made too much data available on ward rounds and encouraged doctors to rely on them rather than developing their own judgement beforehand. This was seen as making decision-making more variable and plan-formulation more contingent by emphasizing immediacy and creating more interruptions and distractions. As a result, in these doctors' opinion, data analysis and synthesis before the round was reduced, and decisions became less consistent and considered, to the detriment of junior doctors' education. For the multi-task users, on the other hand, the data-intensive environment created by the laptops enabled better team discussion and decision-making, leading to more concrete and immediately implemented care plans, and more effective education.
From the nonusers' perspective, clinical decision-making involved the considered evaluation of available data and the preformulation of an appropriate treatment plan that could be revised in the light of collegial debate or significantly discrepant evidence of the patient's condition. Hence students needed to be trained in presenting and defending their assessment of the available data. Enthusiastic laptop users, however, saw decisionmaking as a more collective process involving real-time data analysis leading to the immediate implementation of appropriate treatment. Hence students needed to learn to access and integrate data quickly from many sources and to take prompt action.
Some other, less important, reasons for use included caseload, especially in peak periods or when one team was temporarily looking after another's patients (because this made it difficult to recall every patient) and the extent to which individual patients' results might be updated during the course of ward round. The latter would, of course, depend on the duration of the ward round which could vary from one Attending to another.
The personal style of senior doctors appeared to influence usage significantly by determining the type of ward round (walking or sitting) and their willingness to instigate a change of practice, especially in a situation of high team membership turnover. The senior doctors' attitudes to technology, however, seemed to relate more to how the laptops were used than with if they were used or not. These findings are summarized in Table 1 . 
DISCUSSION
In contrast to findings of other studies, it appeared that characteristics such as age, gender, and seniority did not seem to influence MICT device use. This may be because all users were highly skilled professionals working in an IT-intensive setting and where senior doctors, especially, had many years experience of EMR use.
This case also suggests that, contrary to suggestions in the literature, the benefits of MICT use in ward rounds were not self-evident and a significant proportion of doctors did not use the laptops at all. While the immaturity (and hence unreliability) of the technology was widely cited as a reason for non-use, this can, at best, only partly explain such behavior as a number of doctors used the laptops regularly despite this.
Five points, in particular, may be relevant to understanding this situation. First, it seems that all ward rounds are not equal: they are not the uniform, highly mobile practice suggested by some advocates of MICT use. Sitting ward rounds, for example, would seem well supported by desktop computers. Second, doctors appeared to have different perceptions of the function of ward rounds (for example decision-making with available data and testing of junior doctors' presentations or collective decision-making moments with all possible data) and whether this could be supported by MICT. Third, doctors' attitudes varied toward technology, but also regarding the importance of rich and timely data in clinical decision-making, the effectiveness of existing practices, and their willingness to change practices. Fourth, the costs and benefits of MICT use were necessarily based on individual perceptions as measurable evidence was lacking. So, while some reasons for non-use, such as device reliability or the inconvenience of carrying the laptop upstairs, may not have been as serious as they were said to be, without strong evidence of benefits, even small costs may be enough to discourage use. As the enthusiastic laptop users also showed, individuals could often do something about the situation, such as pressuring for better hardware maintenance. Fifth, strong social influences, such as the power relationships between grades of doctors, existing work routines, team dynamics, and department practices such as on device sharing, shaped laptop usage and were also influenced by it.
Local circumstances seemed to play an additional role. High staff turnover, for example, meant that training needs were high and continuous but also that using laptops on ward rounds provided an important opportunity for sharing of experience on EMR use. Similarly, the hospital architecture, combined with specific device characteristics, caused problems for even the most enthusiastic users. Thus the particular pattern of MICT adoption would seem likely to vary even among apparently similar settings.
The influence of hospital architecture also illustrates how, even though the laptops themselves may have been highly mobile, by attaching them to trolleys to enable them to be used by a doctor who would normally be standing during a ward round, their effective mobility was reduced (indeed this restriction was, in part, a deliberate strategy by the hospital to reduce the risk of the laptops being stolen). Even without the trolley, the ubiquitous use of the laptops was constrained by their battery life. Mobility of the device itself is, therefore, not necessarily the same as its mobility in practice.
Finally, the findings emphasise the active role of users in the adoption of MICT devices. This operates in a variety of ways, from their perceptions of the costs and benefits of wider availability of information to their willingness to change routines to accommodate device usage. This would seem particularly the case in the current state of MICT use, where individual users' access to mobile, computer-based resources is often dependent on whether they bring the devices to the work setting themselves. Moreover, if the purpose of MICT use is seen to be the provision of ubiquitous information resources, rather than devices per se, then users may feel that their needs are adequately met by static devices, providing these are sufficiently numerous and available, without needing to have the device at the exact point of use. Ubiquity may, therefore, be seen not as an objective characteristic of a technological resource, but as dependent also on users' perceptions.
CONCLUSION
While the findings reported here relate to only one site and one type of MICT use, evidence from other sites in our study suggests that they raise common issues that may extend beyond the particular medical setting studied. Recognising, for example, the variability of apparently standard v^ork practices, the importance of individual perceptions (and the social processes influencing them), the role of established organizational routines, and the way in which these are shaped by, and shape, work practices would seem relevant in other contexts.
Thus, while it may, as the call for papers for this conference proposes, increasingly be "possible to create ubiquitous information [-rich] environments [that provide] new possibilities and opportunities for organizations to improve their productivity and effectiveness," the evidence presented suggests that these possibilities do not arise automatically or instantly. Moreover, perhaps especially in the context of current attempts to provide such environments through mobile devices, the realization of these possibilities appears to be subject to significant social influences. Even if some technical, architectural, and policy barriers to MICT use may be overcome in time, therefore, without clear evidence of unequivocal benefits, adoption will rely on users' beliefs about the value of ubiquitous information. It would appear, moreover, that such beliefs cannot be assumed to be universally positive. Whether this reflects the persistence of social influences that may be expected to diminish as the opportunities provided by MICTs achieve greater recognition, or represents an enduring alternative understanding of particular work practices, however, remains to be seen.
